not been reported previously in a molecular solid. The Dirac-cone is robust over the stability region of the rhombohedral phase, and may result in exotic electronic transport and optical properties.
 INTRODUCTION
Subtle details and variations of the band structure often lie at the origin of unconventional properties of solids. For example, interest in zero-gap materials with linear energy dispersion at the Fermi level, has been boosted following the discovery of efficient ways to isolate single graphene layers. In these zero-gap materials, the valence and conduction bands touch at single points in the Brillouin zone and the effective mass of the carriers is extremely low because of the linear energy dispersion at the Fermi level. Consequently, the carriers may be described through the relativistic massless Dirac equation leading to exotic electronic properties. 1 The topology of the energy dispersion around these special points is described as a Dirac-cone. Dirac-cones are essential to the unusual electronic properties of graphene 2,3, and topological insulators such as Bi 2 Se 3 . 4 However, there are still relatively few extended materials that exhibit this feature, and Dirac-cones are almost unknown in molecular solids. -(BEDT-TTF) 2 I 3 (where BEDT-TTF stands for bis(ethylenedithio)tetrathiafulvalene) is reported to show a Dirac-cone under applied pressure, 5 but the cone is tilted unlike the regular (right circular)
Dirac-cone in high-symmetry materials such as graphene.
Molecular conductors 6 are typically composed of stacks of planar, functional -conjugated molecules which crystallize in low-symmetry space groups (monoclinic or triclinic) 7 and thus have complex band structures. 8 However, highly symmetric molecular packings are sometimes observed and can lead to simple structural topologies and band structure features of fundamental interest. (EDT-TTF-CONH 2 ) 6 In this paper we report subsequent structural studies that have established the pressure and temperature stability region for the metallic rhombohedral phase of Compound 1, and have provided accurate models for the rhombohedral and the triclinic, insulating phases. Complementary variable pressure transport measurements will be reported elsewhere. 12 Accurate crystal structure models are important for band structure calculations, and we show that the Fermi level of the metallic phase occurs at the K-point of the two-dimensional hexagonal Brillouin zone such that the system behaves as a zero-gap material with a remarkable linear energy dispersion. Compound 1 thus represents the first reported example of a molecular material with a regular (right circular) Dirac-cone band structure.
 EXPERIMENTAL SECTION

X-ray diffraction studies.
Ambient pressure single crystal studies at temperatures of 100-295 K were performed using a Computational details. The tight-binding band structure calculations 13 were of the extended Hückel type. A modified Wolfsberg-Helmholtz formula was used to calculate the non-diagonal H  values.
14 All valence electrons were taken into account in the calculations and the basis set consisted of Slatertype orbitals of double- quality for C, N and O 2s and 2p, S 3s and 3p and of single- quality for H.
The ionization potentials, contraction coefficients and exponents were taken from previous work. 15, 16  RESULTS AND DISCUSSION Variable temperature crystal structure.
The room-temperature rhombohedral phase of Compound 1, (EDT-TTF-CONH 2 ) 6 [Re 6 Se 8 (CN) 6 ], has R 3 space group symmetry. The distinctive feature is the presence of hybrid donor-anion layers with a kagome topology (Figure 1 ). 9 The edges of the kagome lattice hexagons and triangles are 
High pressure crystal structure
Synchrotron X-ray powder data from Compound 1 were analyzed with the GSAS software package. 18 The complexity of the structure precluded refinement of the crystal structure, or of cell parameters for the triclinic phase. Instead, the Le Bail method 19 (of fitting freely-varying peak intensities) was used to refine the rhombohedral lattice parameters a and  and the Lorentzian LY peak-shape coefficient, which describes strain-broadening of the diffraction peaks, at each pressure.
Typical profile plots are shown in Supporting Figure S4 , and the pressure variations of the refined parameters are shown in Figure 5 . The cell parameters and volume decrease with increasing pressure while the strain broadening increases. Although no structural change is evident from visual inspection of the diffraction profiles, a discontinuity in all the fitted parameters near 0.7 GPa ( pressure estimated from the powder study. The structures were refined using the rhombohedral R 3
and triclinic P1 models for the low and high pressure phases respectively. Refinement details are given in Supporting Information.
The pressure variation of the lattice constants of Compound 1 around the rhombohedral-triclinic transition ( Figure 6 ) is comparable to the temperature dependence shown in Figure 2 . The c-axis is the least compressible in the triclinic phase, and the relative magnitudes of the three cell angles above 0.7
GPa are the same as observed upon cooling at ambient pressure. The effect of pressure on the intradimer contacts is found to be similar to that of cooling. Changes in the intradimer S…S distances in Figure 7 show that the A and C pairs are less similar to each other at high pressure than in the low temperature, ambient pressure structures in Figure 5 . However, further analysis based on the intermolecular C-C distances and angles within the dimers (shown in Supporting Information)
demonstrates that A and C dimers are still distinct from B, confirming that the charge order of the triclinic phase is maintained to at least 1.8 GPa pressure. Table 1 . These show that the donors are strongly dimerized and the interactions within dimers are sizeable and much greater than the interpair interactions. The localization of an additional bonding electron in the B-dimer leads to a substantial enhancement of │ HOMO-HOMO │for this dimer in the triclinic charge ordered structure. The interaction energies also reflect the increasing disparity between the A and C pairs with increasing pressure that is seen in the S…S contacts in Figure 5 .
The calculated band structure for the donor layers at room temperature and ambient pressure is shown in Figure 8 . The six HOMO-based bands split in two well-separated groups as expected for a lattice of strongly dimerized units. Each group of bands has the shape expected for a one-orbital per site kagome lattice with degeneracies at the K and  points. 21 The lower set of bands, which is built from the bonding combination of the HOMOs of the dimer, is completely filled. The upper set of bands, built from the antibonding combination of the HOMOs of the dimers, contains only two electrons and since the dispersion of these bands is quite sizeable, the system is expected to be metallic, in keeping with conductivity measurements. 9 It is notable that with this band filling, the Fermi level occurs at the K point of the 2D hexagonal Brillouin zone. Since the interlayer interactions, either direct or indirect through the anions, are associated with hydrogen bonding and these interactions do not implicate the donors' HOMO, this feature is preserved in the 3D electronic structure. Thus, compound 1 is predicted to be a zero-gap material with Dirac-cone type linear energy dispersion, as observed in graphene. 2, 3 No molecular metals exhibiting a regular (right circular) Diraccone in the band structure have previously been reported, furthermore Compound 1 exhibits this feature at ambient temperature and pressure. As mentioned in the Introduction, -ET 2 I 3 has been proposed to exhibit a tilted Dirac-cone but only under pressure, 2 and in this system the zero-gap does not occur at a high-symmetry point of the Brillouin zone (i.e. the zero-gap is due to accidental degeneracy) and the shape of the Dirac-cone is highly dependent of the structural details which may be modified by pressure and temperature. In contrast, the Dirac-cone of Compound 1 occurs at the K symmetry point of the 2D Brillouin zone and a regular Dirac-cone exists as long as the rhombohedral structural symmetry is preserved. Hence the carriers in the metallic phase may be described through the relativistic massless Dirac equation and Compound 1 should exhibit exotic transport, magnetotransport and optical properties. Quantum electronic effects such as Shubnikov-De Haas and other oscillations are most evident at low temperatures, so the lower stability limit of 220 K for the rhombohedral phase of Compound 1 may be a practical limitation for some properties, and exploration of derivatives or analogous systems will be worthwhile to extend molecular Dirac-cone phases to lower temperatures.
The band structure for the triclinic phase of Compound 1 at ambient pressure and 100 K is shown in Figure 9 . To compare the band structure with that of the rhombohedral phase, one must take into account that the path  →K→M in Figure 8 is equivalent to  →M in Figure 9 , and  →M in Figure   8 corresponds to  →X and  →Y in Figure 9 . The main differences concerning the upper set of bands are that the flat band is strongly raised in energy, and that the degeneracy at the K-point in The overlaps for the two other dimers are almost unaffected.
The activated conductivity at temperatures below the transition is associated with the localization of the two electrons in dimers A and C, driven by the dimerization in B that shifts the carriers towards those dimers, and the narrowing of bands from A and C, which leads to carrier localization to decrease electronic repulsions. These effects are consistent with the relatively large │ HOMO-HOMO │values for the AC interdimer interaction shown in Table 1 . The results confirm the scenario proposed previously 9 in order to explain the failure of an initial band theory approach, which on the basis of a lower quality crystal structure led to the prediction of a clear band gap between the second and third bands from the top in Figure 9 , and a non-activated spin susceptibility at temperatures below the transition.
The calculated band structures for the crystal structures obtained under 0.8, 1.2 and 1.8 GPa are very similar to that of Figure 9 and thus are not described in detail. The band gaps between the second and third bands from the top are 1.2, 13.6 and 32 meV, respectively. The accuracy of these values is questionable because of the uncertainties in the high pressure crystal structures, in particular in the lengthening of the central C=C bond of the donor which correlates with development of positive charge. However, the similarity of band structures and the │ HOMO-HOMO │values in Table 1 reveal that pressure essentially brings about the same features as thermal contraction; an increase in the degree of dimerization within B dimers and weaker interactions within the other two. In conclusion, the change from non-activated to activated conductivity is brought about by the concerted action of the change in structural symmetry, molecular displacements and electron localization.
CONCLUDING REMARKS (EDT-TTF-CONH 2 ) 6 [Re 6 Se 8 (CN) 6 ] has an unusually high (R 3 ) space group symmetry for a molecular solid at room temperature and ambient pressure. This gives rise to a kagome topology in the hybrid donor layers which supports metallic conductivity. The properties of this phase are maintained on cooling down to 220 K or at room temperature up to 0.7 GPa pressure, beyond which a symmetrybreaking transition to a triclinic P1 phase drives a metal to insulator transition. Accurate structural data have been used to calculate the band structure of the donor layers, leading to a clear description of the effects of temperature and pressure on this system. The change from non-activated to activated conductivity is brought about by the concerted action of structural symmetry-breaking, molecular displacements and electron localization. A remarkable property of the band structure of the rhombohedral phase is that it exhibits a regular (right circular) Dirac-cone at the Fermi level which is robust provided the rhombohedral symmetry is maintained. (EDT-TTF-CONH 2 ) 6 [Re 6 Se 8 (CN) 6 ] is the first molecular solid reported to exhibit this unusual feature, and detailed physical characterization will be required to observe possible exotic electronic transport and optical properties . 
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The molecular solid (EDT-TTF-CONH 2 ) 6 [Re 6 Se 8 (CN) 6 ] has hybrid donor layers with a kagome topology that maintain rhombohedral symmetry on cooling down to 220 K or up to 0.7 GPa pressure, beyond which a metal to insulator transition and lattice distortion occur. Band structure calculations reveal a Dirac-cone at the Fermi level, like that of graphene, which may result in exotic electronic
properties.
